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Executive Summary 

High concentrations of the very toxic antifouling agent 
tributyltin have been found in 24 surface microlayer samples in a 
survey of 74 locations in Ontario, Quebec, Michigan and New York 
State. In 6 of these 24 locations the concentration of tributyltin in 
the surface microlayer exceeded the 84—hr LC—50 value for adult 
rainbow trout. The most heavily contaminated area was the mouth of 
the Moira River at Belleville, Ontario» where the concentration of 
tributyltin in the surface microlayer was 42 times the Eqehr LC—5O value' for trout. The concentration of tributyltin in the surface 
microlayer was occasionally so much greater than that in subsurface 
water that the microlayer contained a significant amount of 
tributyltin relative to that in the whole depth of subsurface water. 
Similar findings were observed for the less toxic degradation products 
of tributyltin — dibutyltin, monobutyltin and inorganic tin. 

Management Perspective 
If high concentrations of tributyltin, or any toxic substance, prevail in surface microlayers for extended periods of time, they may 

(i) pose a significant hazard to aquatic organisms which spend all or part of their lives at the air—water interface, and (ii) significantly change estimates of amounts of chemicals in aquatic ecosystems. It 
may be that such loadings have been seriously underestimated. we are presently monitoring the concentrations of chlorinated hydrocarbons in the surface microlayer of the Niagara River over a one year period to determine whether or not the Vmicrolayer makes a significant contribution to the loading of toxic substances from the Niagara River to Lake Ontario.
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DES 

Concentration de tributylétain dans 1a microcouche snperficielle des eaux 
naturelles 

'- 

R. James Maguire et Richard J. Tkacz 
Division des contaminants de 1'environnement 
Institut national de recherche sur les eaux 
Ministére de 1'Environnement 
Centre canadien des eaux intérieures 
Burlington (Ont.) Canada L7R 4A6 

Sonmaire 

De fortes concentrations de tributylétain, on agent anti—salissures 
trés toxique, ont été observées dans 24 échantillons prélevés dans la 
microcouche superficielle B 74 endroits en Ontario, au Québec, au Michigan et 
dans 1'état de New York. A six endroits, la concentration de tributylétain 
dans 1a microcouche superficielle était supérieure A la CL50 de 24 h P°“F 18 
truite arc-en—cie1 adulte. La zone la plus polluée se trouvait 5 l'embouchure 
de la riviére Moira 5 Belleville, en Ontario, ofi la concentration de 
tributylétain dans la microcouche superficielle était 42 fois plus élevée que 
18 ¢L5Q de 24 h pour la truite. Parfois, la concentration de tributylétain 
dans la microcouche superficielle était significat--ivement beaucoup 
plus élevée que celle présente dans tontes les eaux subsuperficielles 

conclusions semblables ont été tirées pour les produits de dégradation moins 
toxiques du tributy1étain—dibuty1étain, du monobutylétain et de 1'étain 
inorganique. 

Perspectives de gestion 1 

Si 1e tributylétain, ou toute autre substance toxique, est présent 
dans les microconfhes superficielles en fortes teneurs pendant de longues 
périodes, il pe§%V€;nstituer une menace sérieuse pour les organismes 
aquatiques qui vivent, en partie ou en totalité, dans 1'interface air-eau, et (ii)



modifier notablement les estimations des teneurs en produits chimiques de$ 
écosystémggaquatiquei. I1 se peut que ces teneurs aient été fortement 

sous-estimées- Nous surveillons actuellement les téneurs en hydrocarbures 
chlorés de la microcouche superficielle de la tiviére Niagara pendant un an 
afin de détatminet si la microcouche joue un r61e important dans 1'apport de 
substances toxiques dans le lac Ontario.



ABSTRACT 
w.
I 

High concentrations of the' very toxic ' antifouling agent 
tributyltin have been found in 24 surface microlayer samples in a 
survey of 74 locations in Ontario, Quebec, Michigan and New York 
State. In 6 of these Eh locations the concentration of tributyltin in 
the surface ‘microlayer exceeded the 24—hr LC—50 value for adult 
rainbow trout. The most heavily contaminated area was the mouth of 
the Moira River at Belleville, Ontario, where the concentration of 
tributyltin in the surface microlayer was 42 times the 2Q—hr LC—5O 
value for trout. The concentration of tributyltin in the surface 
microlayer was occasionally so much greater than that in subsurface 
water that the microlayer contained a significant amount of 
tributyltin relative to that in the whole depth of subsurface water. 
Similar findings were observed for the less toxic degradation products 
of tributyltin — dibutyltin, monobutyltin and inorganic tin. If high 
concentrations of tributyltin or any toxic substance prevail in 
surface microlayers for extended periods of time, they may (i) pose a ‘ 

significant hazard to aquatic organisms which spend all or part of 
their lives at the air—water interface, and (ii) significantly change 
estimates of amounts of chemicals in aquatic ecosystems. 

D . 

Imsum: 

De fortes concentrations de tributylétain, un agent anti—salissures 
trés toxique, ont été observées dans 24 échantillons prélevés dans la 
microcouche superficielle 5 74 endroits en Ontario, an Québec, au Michigan et 
dans 1'état de New York. A six endroits, la concentration de tributylétain 
était gupérieure 5 18 ¢L50 de 24 h pour la truite arc-en—cie1 adulte. La zone 
la plus polluée se trouvait A l'embouchure de la tiviére Moira 3 Belleville, 
en Ontario, ofi la concentration de tribujtylétain dans la microcouche 
super-ficielle était 42 fois supérieure 5 la CL—5O de 24 h pouj; 1a truite 

I 
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* i (produit-s de degradation moins toxiques flu ri'buEyTé‘Pain-» dibutylétain, du mon0bu— 

tylétain et de 1.'éltai'n inorqanique. $1-16 tributylétflin, on toute 
.autre sub;tance toxique, est présent dans les microcouches superficielles en 
teneurs élevées pendant de longues périodes, i1 pe§£§%onstituer une menace ‘ sérieuse pour les organismes_ aquatiques qui vivent, en partie ou en totalité, ¢lI '

. dans 1'intetface air—eau, E&}fi5Eifier sensiblement les estimations des teneurs 
en P°11¢B0t8 ¢h1m1qUB$de5 écosystémngaquatiquei.
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INTRODUCTION 

The surface microlayer of natural waters, which contains a hydrophobic film of long—chain fatty acids, alcohols, esters and other chemicals, is thought to be important in the aquatic environmental distribution of hydrophobic pollutants. The thickness of the surface microlayer is operationally defined by the type of collector used (Garrett 1965; Harvey 1966; Harvey and Burzell 1972; Baier 1972; Hatcher and Parker 1975), and values from 60 um to 200 um are common. Several articles have demonstrated higher concentrations of contaminants in surface microlayers relative to subsurface waters 
(e.g., Eisenreich 1982; Armstrong and Elzerman 1982; Meyers and Kawka_ 1982, and references therein). This finding has important implications for (i) organisms which spend part or all of their lives 
at the air—water interface, and for (ii) estimates of amounts of toxic chemicals in aquatic ecosystems. In addition, it has been shown that the kinetics of some reactions may differ between the surface microlayer and bulk vsolution (Valenty 1979), and the possibility exists for enhanced sunlight photolysis of chemicals in surface microlayers since there is little attenuation of sunlight compared to the attenuation experienced in penetration to greater depths in the water column. Finally, the volatilization of contaminants from water, and deposition of contaminants to water from the atmosphere, of course take place at the air—water interface. 

In the course of a cross-Canada survey for the highly toxic antifouling pesticide tributyltin in water and sediment (Maguire gt gl; 1986) we collected samples of the surface .microlayer from 74 locations, mainly in Ontario, but with some from Michigan, New York State and Quebec. This article compares concentrations of tributyltin, and its much less toxic degradation products dibutyltin, monobutyltin and inorganic tin, in the surface microlayer with those concentrations previously reported for subsurface water (Maguire gt al. 1986). 

EXPERIMENTAL SECTION 

For brevity, each of the n=butyltin species is referred to here as though it existed only in cationic form (e.g., Bu3Sn*). This formalism is not meant to imply exact identities for these species in water. . 

Uéfiéfiiélé
A 

Bis(tri—n—butyltin) oxide, di—n—butyltin dichloride, n—butyltin trichloride and tin were from Ventron (Danvers, MA, USA). ne Pentylmagnesium bromide was prepared from readily available chemicals. 2—Hydroxy—2,4,6—cycloheptatrien—1-one (tropolone) was from Aldrich (Milwaukee, HI, USA).' All organic solvents were pesticide grade from
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Caledon (Georgetown, Dnt.). Sulfuric and hydrochloric acids were 
reagent grade, but the HC1 was washed with a solution of tropolone in 
benzene to remove traces of inorganic tin. Hater was organic—free. 

Butylpentyltin (BunPea_nSn, where n LT 4) standards were prepared 
by standard Grignard techniques (Maguire and Huneault 1981; Maguire 
and Tkacz 1983) which do not result in redistribution of alkyl groups. 
fiamals Qellssiien - 

Samples of subsurface water and surface microlayer were taken 
from the 74 locations shown in Table 1. The small boats used in 
sample collection were not painted with tributyltin-containing 
antifouling paint. 

As reported previously (Maguire gt gt; 1986), samples of 
subsurface water (8 L) were collected from a depth of 0.5 m in amber 
glass bottles, and the contents were acidified to pH 1 and stored at 4 
degrees C until extraction. These preservation conditions are effective over a period of at least three months (Maguire 1982). Surface microlayer samples of approximately 100 mL were collected with 
a glass plate sampler (Harvey and Burzell 1978) and preserved in the same way as the subsurface water samples. r 

Samals analysis I
' 

The methods of analysis for water are documented elsewhere (Maguire and Huneault 1981; Maguire gt alt 1982).; In essence, they involve extraction of Bu3Sn*, BuaSnE*, BuSn3* and inorganic tin from acidified water samples with the complexing agent tropolone dissolved 
in benzene, pentylation of the extract to produce the volatile mixed butylpentyltin derivatives, BunPea_nSn, purification by silica gel column chromatography, and gas chromatographic determination of the derivatives by packed column gas chromatography with a quartz tube furnace atomic absorption spectrophotometric detector (Maguire and Tkacz 1983). Considering that a fairly specific detector for tin was 
used in the analyses, identities of the butylpentyltin derivatives were deemed to be confirmed by co-chromatography with authentic standards on two column packing materials of very different polarity. 

In the quantitation of the analytes, use was made of appropriate reagent blanks.- The results reported in this article are all above the limit of quantitation (LOG), which is defined (Keith gt alt 1983) as the reagent blank value plus ten times its standard deviation. In practice, for our work this is equivalent to stating that a chromatographic peak was not accepted as real unless it was at least 8-3 times as large as any corresponding peak in the reagent blank. Recoveries of the three butyltin species from spiked water samples at 1—10- mg Sn/L varied from 96 +/— 4 to 103 +/- 8 % (Maguire and Huneault 1981). Recoveries of Sn(IV) from water at pH 5-8 were poor (35 +/- 23 %), probably because of the formation of unextractable SnDs (Maguire gt alt 1983). Although Sn(IV) was the only inorganic tin species for which recoveries were determined, the tin present in our water samples is reported as total inorganic tin, since any Sn<II) which might have been present would likely have been oxidized to
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Sn(IV) during pentylation. The concentrations of butyltin species and inorganic tin in water reported in this article have not been corrected for recovery. 

RESULTS AND DISCUSSION 

In Canada, tributyltin has been found mainly in harbours, marinas and shipping channels (Maguire 1986; Maguire gt al. 1986), which is consistent with its use as an antifouling agent. In subsurface water its concentration in some locations was high enough to cause concern with regard to chronic toxicity or effects in sensitive organisms. It has also been found in mg/kg concentrations in some harbour sediments, but the toxicological significance of sediment—associated tributyltin is unknown. 
Table 1 compares concentrations of the three butyltin species and inorganic tin in the unfiltered surface microlayer with those concentrations which have previously been reported for unfiltered subsurface water (Maguire gt gt; 1986). The comparison is done only for those 74 locations at which both "compartments" were sampled, 
The most important species to consider is tributyltin since the toxicity of butyltin species declines substantially with decreasing number of butyl groups (Davies and Smith 1980). In the surface microlayer, tributyltin was determined reliably (t;g;, at concentrations greater than its limit of quantitation) in E4 of the 74 samples. Concentrations ranged from 1.9 to 473 ug Sn/L, and in general were much higher than concentrations which have been reported in subsurface water in Canada (Maguire gt gt; 1982; Maguire gt gt; 1985; Maguire 1986; Maguire et al. 1985). Concentrations of tributyltin in the surface microlayer were also generally substantially higher than those found in the microlayer in an earlier, much more limited, study (Maguire gt gtt 1988). At all 84 locations in question in this study, the concentration of tributyltin exceeded the l8—d LC—10O value of 1.8 ug Sn/L for rainbow trout yolk sac fry (Seinen gt gt; 1981). In 6 of these E4 locations (119, 130, 19¢, 199, 211 and E32) the concentration of tributyltin exceeded the 2Q—hr LC-50 value of 11.3 ug Sn/L for adult rainbow trout (Alabaster 1969). Indeed, the concentration of 473 ug Sn/L in the surface microlayer of the Moira River at Belleville is 42 times higher than the E4—hr LC—5O value for adult rainbow trout. It should be borne in mind, however, that the concentration of, any toxic substance in the surface microlayer may vary significantly with time because of turbulence. 
Examination of Table 1 also reveals that the surface microlayer can be used as an indicator, albeit imperfect, of contamination of subsurface water. For example, tributyltin was determined in the surface microlayer at 11 locations in which it was not found in subsurface water. 
No attempt was made in this work to determine the partitioning of tributyltin vbetween suspended solids and "solution" since the
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solids/water partition coefficient (Kp = 3 x 103 ug/kg/ug/L) at a 
suspended solids concentration of 10 mg/L indicates that most of the 
tributyltin is associated with the aqueous phase of the water column 
and very little is adsorbed onto suspended solids (US Navy 1984). For 
the purposes of this work, therefore, it is assumed that all the 
tributyltin in the surface microlayer and the subsurface water is 
bioavailable and potentially toxic to aquatic life. 

Table E shows that the ratio of the concentration of tributyltin 
in the surface microlayer to its concentration in subsurface water 
ranged, from 41 to 47300 for those 10 locations at which tributyltin 
was determined with confidence in both the surface microlayer and 
subsurface water. The observation of such high ratios prompted an 
estimation of the relative amounts of tributyltin in the surface 
microlayer and subsurface water. This was done by (i) considering a 
sample of water of length, width and depth A, B and C m, respectively, 
upon which rests a microlayer D m thick, (ii) supposing that the 
concentration of tributyltin is X ug Sn/L in the surface microlayer 
and Y ug Sn/L in the subsurface water, and (iii) assuming that Y is 
invariant with depth. The ratio of the amount in the surface 
microlayer to the amount in subsurface water is XD/YC. Values for the 
ratio of amounts were calculated with the data in Table 1, water 
column depth from the Appendix, and with D = 6 x 10"“ m (determined at 
several locations), and are shown in Table 2. In the majority of 
cases the ratio was small. Notable exceptions were at Belleville and 
Thunder Bay (1), at which locations the amount of tributyltin in the 
surface microlayer was 71 and 6 %, respectively, of the amount in the 
whole depth of subsurface water. 

Tables 3-5 show similar calculations for the less toxic 
dibutyltin, monobutyltin and inorganic tin species. Ratios of 
concentrations of species in the surface microlayer to concentrations 
in subsurface water ranged from 100 to 34400 for dibutyltin, from 2 to 
E640 for monobutyltin, and from 1.8 to 20000 for inorganic tin. The 
amount of material in the surface microlayer exceeded 5 % of that in 
the whole depth of subsurface water at 2 of 5 locations for 
dibutyltin, 0 of 14 locations for monobutyltin, and 3 of 34 locations 
for inorganic tin. The most notable results were (i) for Turkey L. 
(3), in which the amount of dibutyltin in the surface microlayer was 52 % of the amount in the whole depth of subsurface water, and (ii) 
for Belleville, in which the amount of inorganic tin in the surface 
microlayer at the mouth of the Moira River was 30 % of the amount in the whole depth of subsurface water. 

In conclusion, this article has demonstrated the common occurrence of high concentrations of tributyltin and its degradation products in surface microlayers of natural waters. What is needed is a study of the temporal fluctuations_of concentrations of‘ toxic substances in microlayers. This would be important from the point of view of toxicity of such substances to organisms that spend part of their lives at the surface of water, and it would be important from the point of view of the loadings of toxic substances from rivers to lakes. ‘ It may be that such loadings have been seriously underestimated. We are presently monitoring the concentrations of chlorinated hydrocarbons in the surface microlayer. of the Niagara
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River over a one year _period to determine whether or not the microlayer makes a significant contribution to the loading of toxic substances from the Niagara River to Lake Ontario.
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Table 1. Concentrations (ug Sn/L) of Butyltin Species and Inorganic Tin 

... .--_- 
Unfiltered Subsurface Hater and Unfiltered Surface Micro1ayer* 

No. Location 
. Subsurface Microlayer 

__—_—________-___ 

ONTARIO 

112 

115 

116 

117 

118 

119 

120 

121 

122 

123 

125 

127 

128 

129 

130 

131 

132 

133 

O... 

NabigooniR. 
at Dryden 

Habigoon R. (2) 

Clay L. (1) 

Clay L. (2) 

Nabigoon R. (3) 

Thunder Bay (1) 

Thunder Bay (2) 

Thunder Bay (3) 

Kaministiquia R. 

Nipigon R. 

Marathon (1) 

Marathon (3) 

Turkey L. (1) 

Turkey L. (2) 

Turkey L. (3) 

Turkey L. (4) 

Turkey L. (5) 

St. Marys R. at 
Sau1t Ste. Marie 
(1) 

St. Marys R. at 
Sault Ste. Marie 
(2) 

Bu=Sn‘ BueSnE* BuSn=* Tin Bu@Sn* Bu=SnE* BuSn3* Tin 

0.01 

0.01 

0.08 

0.64 

0.02 

det. 

0.09 

0.05 

det. 

0.08 

1.68 

0.18 

det. 

0.02 

0.01 

0.07 

0.01 

det . 

det. 

0.09 

0.05 

0.25 

0.19 

0.03 

0.15 

det. 

0.15 

0.05 

0.06 

det. 

10 

4.20 

2.90 

2.10 

2.11 

0.41 

BIEQ 

0.11 

0.22 

1.08 

0.16 

0.03 

0.06 

0.02 

0.01 

20.9 ~37.9 46.5 

liq 

4.4 1.8 3.4 

365 30.2 

13.4 344 37.3 

11.5 

5.2 

74.3 

839 

95.9 

10.0 

385 

77.6 

91.8 

22.0 

57.8



Table 1 cont’d 

No. 

136 

137 

138 

139 

140 

141 

148 

143 

144 

145 

146 

148 

149 

156 

158 

162 

167 

169 

171 

174 

175 

Location 

Blind R. 

Elliot L. 

Spanish R. 

Georgian Bay 

Simon L. 

Kelley L. 

Ramsey L. 

Elbow L. 

Nepewassi L. 

Ashigami L. 

Kukagami L. 

L. Muskoka 

Collingwood 
Harbour 

St. Clair R. (3) 

St. Clair R. (5) 

Thames R. 

Port Stanley 

Nanticoke 

Grand R. (2) 

Niagara R. at 
Fort Erie 

Niagara R., 
Chippewa 
Channel 

BuaSn* BuESn¢’ BuSn5* 

0.57 

det. 

det. 

det. 

0.08 

0.04 

0.04 

0.88 

0.89 

Subsurface 

det. 
' 0.01 

det. det. 

det. 

det. det. 

0.01 0.01 

0.93 0.03 

0.03 

0.01 

0.80 1.89 

11 

_—--- 
Tin 

0.01 

0.56 

0.31 

0.49 

0.50 

1.60 

4.69 

1.3.. 

0.17 

0.78 

0.08 

1.84 

0.04 

1.11 

0.44 

87.2 

1.78 

0.04 

0.07 

Mifirolayer 

Bu3Sn* Bua5n=* BuSn=* 

4.8 44.6 16.4 

8.7 

19.4 8.9 

184 18.8 

8.0 

88.8 

6.8 
3.91

J 

Tin 

'85.8 

46.0 

31.8 

56.8 

88.0 

40.6 

89.5 

168 

158 

49.3



Table 1 cont’d 

No. 

176 

177 

183 

184 

185 

186 

187 

188 

189 

190 

191 

194 

195 

196 

198 

199 

200 

201 

Location Subsurface 

Niagara R. at 
Niagara—on—the— 
Lake (1) 

Niagara R. at 
Niagara*on-the- 
Lake (2) 

Port Heller" 

Credit R. 

Humber R. 

Toroflto Harbour 
(1) 

Toronto Harbour 
<21 

Don R. 

Toronto Harbour 
(3) 

Nhitby (1) 

Whitby (2) 

Moira L. 

Moira R. 

Belleville 

Lawrence 
Maitland 

Lawrence 
Maitland 

Lawrence 
Cornwall 

Lawrence 
Cornwall 

Bu3Sn* Bu=SnE‘ BuSn3’ 

det. 

0.03 

det. 

0.03 

ole“ 

1.72 

0.10 

0.01 

0.01 

0.05 

0.01 

______.-----_ 

----____ 

det. 

0.01 0.59 

0.01 

0.74 0.42 

0.06 0.01 

1.36 

0.11 

0.01 

12 

Tin 

0.08 

0.06 

1.21 

0.34 

6.46 

2.00 

37.2 

3.04 

0.42 

0.27 

0.55 

0.83 

1.32 

0.34 

0.19 

Microlayer 

Bu@Sh+ 3uESnE* BuSn°* Tin 

7.70 

6.60 

2.90 

5.20 

6.30 

9.80 

7.10 

3.e.o 

473 

e.ao 

12.4 

1.90 

4.50 

2.60 

2.40 

1.80 

4.10 

6.00 

22.5 

1.80 

26.7 

16.4 

4.20 

31.5 

25.3 

34.3 

1.70 

26.4 

66.8 

10.7 

8.10 

34.6 

18.7 

1330 

63.6 

73.3 

4.90 

143 

14000 

199 

126 

11000 

63.9 

1400 

17.8



Table 1 cont’d 

No. Location - Subsurface Microlayer 

206 

207 

208 

NEH 

211 

212 

213 

E14 

215 

216 

BuaSn* Bu=SnE* BuSn§* 

Ottawa R. at 0.52 0.02 
Chalk River 

Ottawa R. at 
Arnprior 

Ottawa R. at 
Ottawa 

YORK STATE, USA 

Buffalo Harbor 

Buffalo R. 

Niagara R. (1) 

Niagara R. (2) 

Gill Creek 

Niagara R. (3) 

QUEBEC 

217 

219 

220 

229 

231 

232 

235 

Ottawa R. at 
Temiscaming 

Ottawa R. at 
Thurso 

Ottawa R. at 
Montebello 

Canal de la 
Rive Sud 

St. Lawrence R. 
at Montreal (1) 

St. Lawrence R. 
at Montreal (E) 

Montreal Harbour 
(1) 

det. 

0.02 

0.01 0.02 

1.82 

0.03 0.07 0.04 

det. 

0.42 

0.62 

13 

Tin 

0.23 

0.32 

0.08 

5.50 

1.06 

0.07 

2.36 

OIO6 

4.70 

0.71 

0.21 

BuaSn’ BugSnE’ BuSn°* 
-'__ 

3.30 

23.8 

4.10 

4.60 

2.00 

5.50 

15.2 

9.90 

5.90 

7.00 

97.4 

4.80 

28.4 

13.5 

5 

0.10 

25.1 

20.4 

46.7 

27.2 

34.1 

23.3 

18.2 

13.5 

Tin 

21.8 

1700 

220 

43.0 

37.4 

100 

1040 

56.1 

1600 

296 

115



Table 1 cont’d 

*Location numbers correspond to those shown in Maguire gt Q1; 1986, from which the concentrations in subsurface water=@re taken. Precise sampling locations are 
shown in the Appendix. “Blanks” mean below limit of detection (LDD — Keith gt Q1; 1983) and ”det." means that a species was detected but its concentration was below 
the limit of quantitation (LOQ — Keith gt Q1; 1983). For sample sizes of 8 L for 
subsurface water and 100 mL for the surface microlayer, the LOG values for each 
species are about 0.01 and 1.0 ug Sn/L» respectively. LUD values were generally 
about one third of LOG values.

1%



Table 2. Ratios of Concentrations and Ratios of Amounts of Bu=Sn* in 

No. 

119 

130 

184 

187 

189 

191 

196 

193 

E00 

E20 

*Only1 for those locations at which BuaSn* was determined reliably (i.g,, above 

the Surface Microlayer and Subsurface Nater* 

Location 

. U , 

Thunder Bay (1) 

Tm%eyL.(3) 
Credit R. 

Toronto Harbour (8) 

Toronto Harbour (3) 

Whitby (B) 

Belleville 

St. Lawrence R. at 
Maitland (1) 

St. Lawrence R. at 
Cornwall (1) 

Ottawa R. at Montebello 

LOQ) in both compartments. 

Concentration in microlayer 

Concentration in subsurface 

8.09 

2.68 

2.20 

2.10 

4.08 

7.10 

4.73 

4.40 

1.90 

2.75 

-.-----.. 

105 

102 

108 

108 

10* 

10' 

10“ 

10* 

108 

108 

15 

Amount 

Amount 

in microlayer 

in subsurface 

6.27 x 

4.08 x 

8.80 x 

1.86 x 

a;3a x 

6.08 x 

7.09 x 

1.32 x 

4.56 x 

1.65,x 

1o-= 

1o-= 

10-a 

10-= 

10-~ 

10-4 

1o~1 

10-3 

10-3 

10-=



Table 3. Ratios of Concentrations and Ratios of Amounts of Bu=Sn£* in the Surface 
Hicrolayer and Subsurface Uater* 

No. Location Concentration in microlayer 

119 Thunder Bay <1> 1.a9 

130 Turkey L. (3) 3.44 

187 Toronto Harbour (2) 1.80 

189 Toronto Harbour (3) 4.10 

191 Whitby (E) 1.00 

Concentration in subsurface 

103 

10“ 

103 

105 

10? 

_______--_--.--.-_-____ 

Amount 

Amount 

5.68 x 

5.16 x 

1.08 x 

2.34 x 

8.57 X 

in microlayer 

in subsurface 

1o—= 

1o-1 

10-= 

1o-a 

1o—~ 

*0nly for those locations at which BueSn=* was determined reliably (i;§Lp above 
LUQ) in both compartments.
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Table 4. Ratios of Concentrations and Ratios of Amounts of BuSn=* in the Surface 

No. 

130 

156 

158 

167 

187 

189 

190 

191 

198 

212 

216 

231 

232 

235 

Microlayer and Subsurface Hateri 

Location
_ 

Turkey L. (3) 

St. Clair R. (3) 

St. Clair R. (5) 

Port Stanley 

Toronto Harbour (2) 

Toronto Harbour (3) 

Whitby (1) 

Whitby (2) 

St. Lawrence R. at 
Maitland (1) 

Buffalo R. 

Niagara R. (3) 

St. Lawrence R. at 
Montreal (1) 

St. Lawrence R. at 
Montreal (2) 

Montreal Harbour (1) 

Concentration in microlayer 

Concentration in subsurface 

6.22 

2.67 

2.22 

2.06 

4.29 

3.12 

4.05 

2.64 

8.10 

2.90 

1.12 

5.82 

4.33 

2.18 

*0nly for those locations at which 
LOQ) in both compartments. 

X 102 

x 108 

x 103 

x 10' 

x 10” 

x 105 

x 102 

x 102 

x 10* 

x 108 

x 10‘ 

x 101 

BuSn°‘ was determined reliably (i;g;, above 

17 

----_._._—¢--_---.--a---.-_ ----__ 

Amount 

Amount 

9.33 x 

5.34 x 

1.02 x 

1.76 X 

2.57 X 

1.78 x 

8.10 x 

2.26 x 

2.43 x 

1.34 x 

1.92 x 

4.36 X 

8.66 x 

1.31 x 

in microlayer 

in subsurface 

10-= 

1o-3 

1o—= 

10-= 

1o—~ 

10-3 

1o-= 

10-= 

10-= 

10-8 

10-“ 

10-3 

10-“ 

10-“ 

____-—_-_.-__-—_-_-.__—___-____-____——_____



Table 5. Ratios of Concentrations and Ratios of Amounts of Tin in 

No. 

119 

122 

127 

128 

'131 

133 

136 

139 

140 

141 

146 

148 

156 

158 

162 

167 

183 

185 

187 

139 

190 

194 

Microlayer and Subsurface Nateri 

Location 

a-a-—___v-____-___--_—___ 

Thunder Bay (1) 

Kaministiquia R. 

Maratbon (3) 

Turkey L. (1) 

Turkey L. (4) 

Saint Marys R. at 
Sault Ste. Marie (1) 

Blind R. 

Georgian Bay 

Simon L. 

Kelley L. 

Kukagami L. 

L. Muskoka 

St. Clair R. (3) 

St. Clair R. (5) 

Thames R. 

Port Stanley 

Port Heller 

Humber R. 

Toronto Harbour (2) 

Toronto Harbour (3) 

Whitby (1) 

Moira L. 

Concentration in microlayer 

8.96 

4.36 x 

6.25 x 

1.28 x 

4.59“x 

2.20 x 

2.52 x 

9.39 x 

6.24 x 

3.55 x 

1.22 x 

2.03 x 

7.37 x 

1.51 x 

3.59 x 

1.81 

1.10 x 

2.15 x 

2.21 x 

7.00 x 

5.35 

3.00 x 

Concentration in subsurface 

105 

10‘ 

103 

103 

103 

109 

10* 

10* 

10' 

102 

103 

102 

10E 

10* 

1o= 

ios 

10- 

1o= 

102 

1B 

___----________-_ 

---_-______-.__-_-.__-_ 

Amount 

Amount 

2.69 x 

3.74 x 

5.36 x 

6.40 x 

1.53 x 

2.64 x 

5.04 x 

5.12 x 

6.24 x 

3.04 x 

1.46 x 

6.09 x 

1.47 x 

6.97 x 

6.15 x 

1.55 x 

6.29 x 

8.60 x 

1.33 x 

4.12 x 

1.07 x 

3.60 x 

‘the Surface 

in microlayer 

in subsurface 

10-~ 

1o~= 

10-“ 

10-a 

1o—= 

10-= 

10-E 

10*“ 

10-~ 

1o—~' 

10-= 

1o-= 

1o—= 

10-“ 

10-Q 

1o—= 

10-= 

10-= 

1o*~ 

10-= 

1o<~ 

iora



Table 5 cont’d 

No. 

196 

198 

199 

200 

207 

209 

212 

21¢ 

219 

221 

231 

232 

Location 

Belleville 

St. Lawrence R. at 
Maitland (1) 

St. Lawrence R. at 
Maitland (2) 

St. Lawrence R. at 
Cornwall (1) 

Ottawa R. at Arnprior 

Ottawa R. at Ottawa 

Buffalo R. 

Niagara R. (3) 

Ottawa R. at Thurso 

Ottawa R. at Montebello 

St. Laurence R. at 
Montreal (1) 

St. Lawrence R. at 
Montreal (8) 

Concentration in microlayer 
_'___'_--_-¢-_----__.__..__.--._—.--- 
Concentration in subsurface 

2.00 

7.70 

1.06 

5.23 

7.39 

6.87 

7.82 

5.34 

9.41 

9.35 

6.30 

1.62 

10“ 

10* 

103 

10* 

103 

105 

10* 

108 

10* 

10' 

102 

Amount in microlayer 

Amount 

3.00 X 

2.31 3 

3.18 x 

1.26 x 

8.06 x 

1.37 x 

3.61 x 

9.15 x 

6.61 x 

1.87 x 

4.72 x 

3.24 x 

in subsurface 

1o-1 

1o*= 

1o-= 

1o~@ 

1o-E 

10-E 

1o—= 

1o-= 

10-3 

1o—= 

10-“ 

10-B 

*Only for those locations at which tin was determined reliably (iégz, above LOO) 
in both compartments.
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